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An experimental investigetion was made on the be- 
havior of a test panel constructed of 0.025 aluximm 
corrugation with 0.032 sluminum skin on both sides, 
Such a panel was subjected to a compressive load in the 
longitudinal direction with the unleaded edges simply 
supported, The panel was long in reference to its 
width, 

Tests showed that inter-rivet buckling Induced by 
inferior blind riveting or teo large a rivet specing 
would precipitate early panel failure before actuel 
eritical load would oecur, on a well designed panel. 

Such type of construction proved very stable up 
to loads approaching the critical value. The strength 
weight ratio indicated 1t to be very desireable in air- 
eraft construction. 

&n enelytical analysis a made using both non- 
isotrople and isotropic plate theory; both methods 
predicted the critical load to within 7.5 per cent of 
each other, thus indicating that the dowble skin and 
corrugation type plate, of the design under consideration, 
acts much Like en isotropic plate. 

Beeause of the fact thet such a plate will buckle 
at a load thet will induce strains in the sheet and 
corrugation above their elastic limits, it was necessary, 
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2 
in the enalytical analysis, te use reduced values for 
the molulus of elasticity. The prediction of the be- 
havior of the motel in the plastic range is not exact 
thus indicating such a prediction as critical load is 
difficult for this type conetruction,. 
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to study the behavior of @ plate of the double skin cor~ 
rugation construction when subjected to «compression = 
load, Special emphasis was given to the determination 
of the critics! buckling losd. a 
of construction has been carried out by the Glenn Le 
Wertin Aireraft Pectory, but considering the complexities | 
thet arise in the analysis of any non-isotropic plate, 
additional research work on it seemed warranted. 

The analysis was limited to aluminum alloy plates 
so designed that the initial buckling stress of the skin 
ené the crippling stress of the corrugation were appro- 
ximetely equal so as to eliminate akin buckling before 
panel fallure, 

The experimental tests were limited to a plate 
Loaded with « uniform axial load parallel to the sides 
of the plate; the umlesded edges were simply supported. 

The thesis work wes done by the writer during the 
sehool year 19)5-)9 at the University of Minnesota. 
Thesis advisor was fProfesmr Joseph A. ise. 
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“Best Specimen. 

The details of the test panel ere shown on Pigs 2. 

The material for the panel was furnished by the — 
Glenn L. Martin Aircraft Faetory, fabrication of the 
plate was by the writer. . 

As noted in Pig. 2 the panel is tepered in plan~ 
form end thickness, the original plans for the investi- 
gation called for a non-tapered section but due to none 
avallethity of desired uaterial the plate was constructed 
as shown. It was felt that the seal] amount of taper 
did not materially chenge the conditions that would 
be found in a nonm-tapered section, Por conservetisan 
the minimum section was used for the analytical enalysis. 

Internal strain gauges with necessary leads were 
pleced before fabrication of cover skins, All strain 
gauges were placed in duplicate at locations as shown > 
on Fig. 2. 

Filler blocks along supported sides so designed 
to seperate skins slong supports proved very suecesaful 
in providing a symmetric support. 

Piller blocks at tep and bottom of plate designed 
primarily te trememit the lead to the corrugation, were 
found unnecessery and were removed after initial 
teat, 
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The principal epperatus required for the teste was 
a suitable Jig to support the panel simply along the 
two unloaded edges; a further non-functionel requirement 
to handle. Such a jig was designed, details of which 
ere show on Figs h. | 

A 400,000 pound capacity Tinus Olsen testing machine 
was used for subject tests. ‘The width of the swivel 
head of the mechine corresponded to the width of the 
top of the panel. 


The leads from the strain geuges were soldered into 
& junction box made up with Mallory infent jecks; con- 
nections from junction box to Baldwin and Southwark "Kk" 
box was by olectrical phone slugs. 


Enocedure. 

The general procedure of the tests wes to load the 
plate by increments, then take strain and deflection 
reedings,. It was found thet for the lond that was 
Pleced on the plate during the tests no aporeciable 
éeflection was observed, an indication thet such type 
construction is very stable up to criticel load. 

Three separate terts were made, results of which 
are shown eraphicelly in Pigs. 6 te 14 and in tebuler 
form on Tables I to Ili. 
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este are described separately below giving detalis 
of each. 
Zesk i. 
Load increments of 6,000 pounds were applied; at | 


panel load of 23,000 pounds locel fal lure oceurred et 
top of panel. Upon investigetion of local failure it — 


was found that edge mpports did not run up high enough, 4 


giving an unsupported section of 2 inches at top of 
plate. Corrective measure teken was to remove the 
upper 1} inches of plate, giving only a } inch unsup- 
ported plate for test number two, 


Zest ik. 

Losd increments of 6,000 pounds were applied with 
one intermediate panel load of 19,5350 pounds, Panel 
load went up to 30,000 pounds eat which point local 
faliure occurred et bottem of panel. Upon investigation 
of local failure it was found that the filler block on 
bottom did not transmit the load properly to the corru- 
gation and caused a local failure in bearing of the 
corrugation, This was corrected by trimming 24 inches 
from the bottom end removing filler block. 


Zest Til. 
Load inerements of 12,090 pounds were applied up 
to 24,000 pounds, plate remained steble up to 30,000 
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pounds at which point reedings were recorded, wpon * 
increasing the load to 31,600 pounds a failure occurred — 
at approximetely 12 inches from the top of the panel, == 
The feilure at first appeared to be the eritiesl lod = 
for the panel but upon examination of feilure it was 
observed thet at point of failure, on ane of the cover 
subjecting the skin to twice its original unsupported 
length, this reduced the critical buckling stress of 
the sheet to a point which precipitated the failure. 

Above plate load of 30,000 pounds it was observed 
that inter-rivet buckling had started, 

Upon resehing tho load where one row of rivets 
pulled out it appeared as though plete had started to 
form 3 definite half waves of approximately equal 
length, the loading was not continued however since 
another test was to be run on the undamaged reuainder, 


Test IY. 

Plate was trimmed to a 56 ineh length. load incre- 
ments were applied similar to those in test three, 

Inter-rivet buckling wae observed to start at panel 
leed of 31,000 peuniin. One definite balf wave formed in 
the longitudinal direction at e load of 34,900 pounds at 
which point severe inter«-rivet buckling occurred on one 
plete, while other plate remsined flet. MYaximume deflee- 
tion of helf wave was st center of plate end was estinated 
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Plots of principal stresses versus plate lesds are | 
shown on Figs. 5-1. 

It wae unfortunate thet mone of the four tests 
produced a true eritical load on the plate, however, 
it was felt thet the tests proved successful as they 
cleapily showed the stability of this type construction 
in the region of design lead. The indications of the 
tests were such thet the panel would be well in ite 
plastic range before the eritical losed would be reached; 
a theoretical analysis, which will be presented subse- 
quentiy, bears this fact out quite clearly. 

Inasmuch as the critical load on a panel such as 
this is of no prectical value, it is used extensively 
eas a design criteria, thet ia by being able to predict 
what the critical load is and imowing the behavior of 
the plate up to critical, a safe design load may be 
arrived at. 

The tests bore out the fact thet any rivet failure 
will induces early skin instebility, it appeared that 
had the rivet apacing been decreased to times fourths 
of am ines, the skin would have remained etable and 
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probebly vould have allowed the plate to reach full 
critical value. 


quite closely the work as presented in Reference 1. _ 

The eritical lead on s non-isotropie plate similarly 
lentes and sipperten te the ene of tie tent te gimun 
in Reference 3 as: 


Por * = 25 1 (y)(y Dy) + Ds 


where ¢ Pop * critical load in pounds per unit width. 
b ® plete width, small in reference to length 
Dy = average flexural rigidity per unit width 
of the plate perallel te the y axis 
Dy = seme as Dy but parallel to x axis 
D3 8 ¥/ dy +4 Dy/ + 2000) gy 
2(GI)yy * average torsional rigidity of the plate 
(ratio of the moment per unit width to 
the twist) 
ace ye gl. po ite. 
Af YA B43 
Since flexural rigidity about an axis parallel te 
y is contributed to by both sheet and corrugation, and 
about an exis parallel te x is contributed mainly by 
sheet, Dy and Dy are conservatively written as: 
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For further conservation effect of corrugation in Dy is 
omitted in evaluation of D3, henee: ‘ 

py 0 SR + 2000 ay 
In Reference 1 it is shown that the term 2(¢I),, is e 
constant and can be replaced by Ggtgd*, where: 

Ge © effective shear modulus 

tg © bare skin thickness 

4 @ distance betesen skins 

Tests conducted on corrugation colums at the 

Glenn L, Martin Compeny indicate that the tangent 
modulus of elasticity of the compression stress strain 
curve can be used to predict the value of &, for the 
type plate in question, hence Pig. 18 was plotted from 


properties as given in Pig. i7. 


(&@)y is also taken as the tangent modulus of the 
average strain etrain curve from the properties of flat 
sheet when the critical tckling load has been exeecded. 
Such a curve is plotted on Fig. 20 from date of Fig.19. 
For conservatiam (fg)y has been taken as equal to 
(Ee) zs 

Brfective shear modulus has been studied quite 
extensively for this type construction in Reference 1, 
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culating Pgg by the non~isotropic plate equation just — 
given, then finding cerresponding load a steble plate 
will carry at similer strains by P'o», * Ceorr*corr 


Cinect*sheet 4 plotting results, the intersection of — 


two plots will give predicted critical load far panel; 
such a plot is given on Pig. Zl. A typical ealevletion 


for making the graph is given under Semple Calculations — 


of this thesis, 
The predicted critical load was determined to be 


2,900 pounds per inch of width; for an average width of 


17 inches between supports this would correspond to a 
total panel lead of 49,300 pounds. Maximum strain in 
plate at critical load was predicted at 0.00345 inches 
per inch, 

This theoretical analysis indicates the plate goes 
well into the plastic range of the material before 
critical load is obtained. In reference to actual test 
results it can be readily seen that plate was obeying 
Hooke'az Law almost up to the point where lecal skin 
buckling precipitated panel fellure, and that if skin 
hed not buckled prematurally load could have continned 
up to near predicted critical. 
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forms a very stable panel and maintains this stebility 
very close to its critical load, The strength weight 
ratio is very high, « factor of significance in aircraft 
construction. a ee 

Relating the test results to theoretical celeula- 
is in the neighborhood of 0.6. 

The need for precise riveting and rigid inspection 
after canpleting & panel seems very necessary since 
panels of this type depend lergely on the flexural 
rigidity contributed by the sheets, for stability. 

The test results did not indicate a true eriticel 
load, however had inter-rivet buckling been suppressed 
by a more precise rivet job of a decreased rivet specing 
it is believed the actusl end predicted critical lead 
would have approached each other. 

The analytical analysis is by no means an exact 
ons, since various assumptions es te the behavior af 
the plate in the plastic range heve been made, hovever 
it appeers quite relieble in reference to repeated 
applications by the Glenn L, Martin Airereft Company. 

The plete ayparentiy can be treated as an isotropic 
plate besed om the analysis of an isotropic plate by 
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